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High-field asymmetric waveform ion mobility spectrometry (FAIMS) separates ions at
atmospheric pressure and room temperature based on the difference of the mobility of ions in
strong electric fields and weak electric fields. This field-dependent mobility of an ion is
reflected in the compensation voltage (CV) at which the ion is transmitted through FAIMS, at
a given asymmetric waveform dispersion voltage (DV). Experimental CV, relative peak ion
intensity, and peak width data were compared for three FAIMS prototypes with concentric
cylindrical electrodes having inner/outer electrode radii of: (1) 0.4/0.6 cm, (2) 0.8/1.0 cm, and
(3) 1.2/1.4 cm. The annular analyzer space was 0.2 cm wide in each case. A finite-difference
numerical computation method is described for evaluation of peak shapes and widths in a CV
spectrum collected using cylindrical geometry FAIMS devices. Simulation of the radial
distribution of the ion density in the FAIMS analyzer is based upon calculation of diffusion,
electric fields, and the electric fields introduced by coulombic ion–ion repulsion. Excellent
agreement between experimental and calculated peak shapes were obtained for electrodes of
wide diameter and for ions transmitted at low CV. (J Am Soc Mass Spectrom 2005, 16,
349–362) © 2004 American Society for Mass SpectrometryHigh-field asymmetric waveform ion mobilityspectrometry (FAIMS) is a technology that sep-arates ions at atmospheric pressure and room
temperature based on the difference in the mobility of
an ion in strong and weak electric fields [1–4]. The
Guevremont research group [4] presented the first
description of the unique ion focusing properties of a
cylindrical geometry FAIMS. A second report [5] fur-
ther refined the description of the ion focusing mecha-
nism, and provided the first experimental measurement
of the (nonuniform) radial distribution of the ions
between the concentric cylinders. By taking advantage
of the ion focusing in a cylindrical geometry FAIMS, an
atmospheric pressure ion trap was designed and tested
[6, 7]. Ion half-lives in excess of 2 s were demonstrated
[8]. Ion trajectory modeling provided insight into the
virtual potential well that formed in cylindrical geom-
etry FAIMS [7].
FAIMS has been shown to be a powerful ion pro-
cessing tool for improving the detection limits of quan-
titative analysis using mass spectrometry, particularly
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doi:10.1016/j.jasms.2004.11.013for ion sources characterized by a high intensity of
background ions. Analytical applications ranging from
detection of inorganic species to the study of protein
conformers have been demonstrated [9–16].
In a recent paper, Smith and co-workers have under-
taken a study of the resolution and sensitivity of FAIMS
[17], making comparisons between experimental data
and the results of ion trajectory computations. Shvarts-
burg et al. [18] have also studied the behavior of several
ions in gas mixtures, and compared experimental re-
sults with predictions based on the theory of ion mo-
bility in mixtures of gases [19]. The theory and newly
proposed models (unique to FAIMS) for mobility
changes in gas mixtures based on the formation and
dissociation of labile complexes [20, 21] are discussed
[18]. More recently, Smith and co-workers studied the
impact of the design and the optimization of the oper-
ation of FAIMS analyzers [22]. Several experimental
parameters, including the width of the analytical gap,
waveform frequency and profile, and gas flow speed
were investigated.
Application of FAIMS as an ion processing tool for
mass spectrometry may require electrodes with perfor-
mance characteristics uniquely tuned for solving dis-
parate analytical problems. For example, the separation
of conformers of proteins and the separation of isomers
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of tryptic fragments of a protein digest may be better
served by a device capable of high sensitivity, high
signal-to-background ratio, but having sufficiently low
resolution that a maximum number of multiply charged
ions can be detected without stepping CV [23]. The
diameter of the electrodes in FAIMS is a key mechanical
parameter controlling the resolution and sensitivity of
FAIMS. In this report, the relationship between the
diameter of cylindrical electrodes and the peak width in
the CV scan taken with FAIMS is considered. Three
FAIMS prototypes were constructed having different
radii of the inner and outer electrodes. The design and
operation of these prototypes is described, and the peak
shapes and widths in the CV spectra using these
devices are compared. A finite-difference numerical
simulation of ion distribution in the FAIMS analyzer is
described that includes the effects of electric fields,
diffusion, and space charge. The peak shape and peak
widths of calculated and experimentally determined
peaks using three diameters of cylindrical geometry
FAIMS are compared.
Experimental
Figure 1 illustrates a domed version of FAIMS elec-
trodes in which the inner cylindrical electrode is termi-
nated as a hemisphere. For this study, three diameters
of FAIMS domed electrodes were designed and fabri-
cated to permit an evaluation of the effect of cylinder
radii on the peak shapes and peak widths in the FAIMS
spectra. The inner cylinders had radii of 0.4, 0.8, and
1.2 cm, and the outer cylinders of each prototype had
radii that were 0.2 cm larger. The ions were separated in
the 0.2 cm wide annular space between these concentric
Figure 1. Simplified schematic of FAIMS electrodes based on
cylindrical inner and outer electrode radii terminated in a hemi-
sphere. Three electrodes of this geometry were evaluated with
inner/outer electrodes of 0.4/0.6 cm, 0.8/1.0 cm, and 1.2/1.4 cm,
respectively. The electrodes were mounted in gas-tight contact
with the orifice plate of the mass spectrometer.cylinders. The distance from the entrance orifice,through which the ions entered the analyzer region, to
the tip of the hemisphere was about 3.5 cm. A gas flow
of 0.5 L/min carried the ions along the analyzer region.
The minimum time required for the ions to travel the
length of the analyzer was measured and determined to
be about 170 ms (electrodes with inner/outer radii of
0.8/1.0 cm). The time required for the measured signal
to stabilize was significantly longer (over 500 ms), and
indicates that the ion/gas mixtures may take diversely
different pathways between the inlet and the outlet of
FAIMS.
As shown in Figure 1, the inner cylinder of FAIMS is
terminated as a hemisphere with the same radius as the
cylindrical portion of the electrode. The end of the outer
cylinder is also hemispherical in shape, and has an
opening of about 1 mm at its center, with razor sharp
edges, that serves as an exit aperture for the ion stream.
In the FAIMS device shown in Figure 1, provision has
been made for adjustment of the longitudinal location
of the inner cylinder. In practice, a space of between
0.17 and 0.25 cm between the end of the inner electrode
and the exit port in the outer electrode is required for
optimum operation of FAIMS. Since the surfaces at the
end of the inner electrode are curved in a third dimen-
sion relative to the cylindrical portion of the inner
electrode, the electric fields are not identical to those
along the annular analyzer region. For this reason, the
longitudinal location of the inner electrode was made to
be adjustable and the optimum location was established
empirically. The radial variation in electric field
strength at the hemispherical end of the inner electrode
differs slightly from the radial variation of fields along
the length of the cylindrical portion of FAIMS; both
have been modeled with numerical processing tech-
niques [7]. Modeling shows that the resolution of the
spherical region is lower than that of the cylindrical
portion of the analyzer, therefore there exists a range of
longitudinal locations of the inner electrode that do not
impact on the peak shape. The impact of the longitudi-
nal location of the inner electrode on the resolution of
FAIMS is the subject of an ongoing investigation and
beyond the scope of this report.
For this study, the ions were generated by electros-
pray ionization. A fine tipped capillary was held at
about 2000 V relative to the FAIMS curtain plate. A
solution of 1 ppm bromochloroacetic acid in 9/1
MeOH/water containing 0.2 mM NH4OAc was deliv-
ered at a flow rate of 1 L/min to the electrospray
capillary by a syringe pump. The FAIMS curtain plate
was held about 1000 V more negative than the outer
FAIMS electrode (8 V) to assist in ion transmission
across the desolvation region. A flow of purified, dry,
nitrogen curtain gas (2.5 L/min) was necessary to help
desolvate the ions produced by electrospray, and to
minimize the entrance of droplets and neutral mole-
cules of the solvents into the FAIMS analyzer. Ion
separation and transmission through FAIMS is ad-
versely affected by trace contaminants in the carrier gas
stream [4].
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(BCA) through each FAIMS prototype was established
by application of an asymmetric waveform [24] with a
range of dispersion voltages from DV  1800 to
3960 V, and a scan of CV from 0 to 25 V. Mass
spectrometric ion-selective compensation voltage (IS-
CV) scans for BCA (m/z 173) were used to establish
the optimum CV of transmission through FAIMS. A
PE-Sciex API 300 triple quadrupole mass spectrometer
was used to detect the ions transmitted through FAIMS.
The mass spectrometer operating conditions were de-
termined during earlier experiments [9] with the haloa-
cetic acids. The original curtain plate of the PE-SCIEX
API 300 was removed to gain access to the orifice plate,
which was modified to permit relatively fast exchange
of the FAIMS prototypes. The FAIMS prototypes were
all constructed with a PEEK ring designed to be
mounted onto the instrument using holes threaded into
the orifice plate. The outer cylinders of the FAIMS
prototypes were inserted into the PEEK sleeve until the
outer cylinder was in contact with the orifice plate of
the mass spectrometer. No additional modification of
the instrument was necessary, and exchange of proto-
types did not require venting of the instrument. Gas
flow through the FAIMS prototypes was controlled by
the rate of flow of gas through the orifice leading into
the vacuum chamber of the mass spectrometer. The
orifice in the PE-Sciex API 300 instrument is about
100 m diameter, and the flow into this orifice was
determined to be about 0.5 L/min. The FAIMS proto-
types were mounted and sealed against the orifice plate
of the instrument so that the gas flow through the
analyzer region was equal to the gas flow into the
vacuum chamber. Experiments indicated that this mode
of operation resulted in maximization of ion transmis-
sion efficiency between FAIMS and the mass spectrom-
eter. The OR voltage of the PE-Sciex API 300 was used
to provide the FAIMS compensation voltage. In this
way the scans of the FAIMS compensation voltage were
convenient and compatible with the data acquisition
system (using LCTune). For this work, CV spectra were
acquired from 0 to 25 V with a step size of 0.1 V.
Results and Discussion
Transmission of Bromochloroacetate Anion
at High Dispersion Voltage
Figure 2a shows a series of experimental IS-CV scans for
BCA using FAIMS having inner and outer electrode
radii of 0.8 and 1.0 cm respectively, at dispersion
voltages from 1800 to 3960 V. Three changes in the
transmission of this ion are observed as the DV in-
creased. First, the CV of the optimum transmission
increased with applied DV, and secondly, the efficiency
of the ion transmission increased significantly and
finally the width of the peak increased. The increase of
transmission is a consequence of the ion focusing in this
cylindrical geometry FAIMS [5]. The increase of mea-sured CV reflects changes in the difference between the
ion mobility at high electric field relative to the ion
mobility at low electric field. The markers in Figure 2b
are the experimental CV values for the series of applied
waveforms with DV values from 1800 to 4250 V.
The solid curve corresponds to the calculated values of
expected CV at each DV using the parameters  
7.984E-6 Td2 and   3.049E-10 Td4, which are
used to describe the behavior of the ion mobility at high
electric field strength in:
KhK(1(E ⁄N)
2(E ⁄N)4) (1)
The parameters  and  were determined from the
experimental values of DV and CV (markers in Figure 2b).
If FAIMS is operated by application of an asymmetric
waveform described by:
Va(t)Cv D
2
3 sin(t)
1
3D sin(2t
	
2) (2)
where Dv is the dispersion voltage, Cv is the compen-
sation voltage, and  is the waveform frequency (radi-
ans/s), the experimental values of Cv and Dv for a series
of measurements taken at several values of applied
dispersion voltage can be used in a regression analysis
Figure 2. (a) Experimental CV scans taken while monitoring m/z
173 (BCA). The scans were collected at a series of applied
waveforms from DV  1800 to DV  3960 V using FAIMS
electrodes with radii of 0.8/1.0 cm. (b) The CV of optimum
transmission at each experimental DV (markers) and expected CV
of transmission (solid line) calculated using high field parameters
  7.984E-6 Td2 and   3.049E-10 Td4.to determine  and  using eq 3 [24–26].
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Here, d is the width of the analyzer region (cm). Many
of the terms in eq 3 are small, and a simplified version
of this equation has been used previously [27, 28]. Care
must be taken in using this equation; a tutorial can be
found on the Web [29].
Comparison of the Transmission of BCA
in Three FAIMS Prototypes
of Different Electrode Diameters
Two comparisons of the transmission of the BCA
through FAIMS will be considered. First, the CV of
optimum transmission will be evaluated for each of the
FAIMS prototypes of differing electrode diameters.
Second, the peak shapes and peak widths will be
determined for each of these devices.
Figure 3 illustrates the experimental CV of optimum
transmission of BCA through the three FAIMS proto-
types (inner electrodes having radii of 0.4, 0.8, and
1.2 cm, respectively) as a function of the applied DV. As
expected, there is only a slight difference in the opti-
mum CV experimentally observed using each of the
three prototypes. The results for the two wider diameter
FAIMS were in excellent agreement. The peak shapes in
the CV spectra at high DV and with the narrowest
electrodes (inner/outer radii, 0.4/0.6 cm) were dis-
torted, and there is a shift of CV.
Figure 4 shows CV scans taken while monitoring m/z
173 of BCA (intensities normalized) for the three
FAIMS prototypes with electrode radii (inner/outer) of
0.4/0.6, 0.8/1.0, and 1.2/1.4 cm (Figure 4a, b, and c
Figure 3. Optimum experimentally observed CV of transmission of
m/z 173 (BCA) collected at DV  1800 to DV  4230 V using
FAIMS prototypes having inner/outer electrode radii of 0.4/0.6 cm
(open square), 0.8/1.0 cm (X), and 1.2/1.4 cm (open triangle).respectively). The CV of optimum transmission is inde-pendent of the radii of the electrodes, as shown in
Figure 3, with a slight decrease of CV for the 0.4/0.6 cm
electrode set at the highest applied DV. The peak
widths in FAIMS are a function of the applied DV as
well as the radii of the electrodes. The peaks are narrow
at low applied DV, for all electrode radii, but the peaks
are widest for electrode set of 0.4/0.6 cm radii shown in
Trace 4a. The resolution (CV/FWHM) where FWHM is
the full peak width at half maximum is a function of the
electrode radii. The resolution for the electrode set of
0.4/0.6 cm radii is about 3.6 to 4.5 (Figure 4a), about 8.1
to 9.2 for the 0.8/1.0 cm electrode set (Figure 4b) and
about 10.5 to 14 for the 1.2/1.4 cm electrodes.
Qualitatively, the width of a peak is related to the range
of CV over which the ion trajectory is parallel to the walls
of the electrodes. In the cylindrical geometry FAIMS, the
ions migrate to, and travel parallel to the walls, at a radial
distance determined by the combination of DV and CV,
and the Kh/K of the ion being studied. For a given peak in
the CV scan the lowest CV of ion transmission is charac-
terized by an optimum ion focus point located near the
Figure 4. Individually normalized experimental CV scans ac-
quired at DV of 1800, 2340, 2880, 3420, and 3960 V while
monitoring m/z 173 (BCA) using FAIMS prototypes with
inner/outer electrodes of radii (a) 0.4/0.6 cm, (b) 0.8/1.0 cm, and
(c) 1.2/1.4 cm.
353J Am Soc Mass Spectrom 2005, 16, 349–362 COMPARISON FOR CYLINDRICAL GEOMETRY FAIMS PROTOTYPESouter electrode. As the CV increases to pull the ion cloud
closer to the inner electrode, this focus point migrates
towards the inner electrode. This is illustrated in Figure 5,
which shows the ion trajectory calculations for the BCA
anion in a FAIMS prototype with an inner electrode of
radius 0.8 cm and outer electrode of radius 1.0 cm at
applied DV3960 V, and CVs of 14.6, 16.0, and 18.3 V.
The trajectory is stable radially near the outer electrode at
CV 14.6 V, near the center of the annular space between
the electrodes at CV 16.0 V, and near the inner electrode
near CV 18.3 V. As a result, the peak in a CV scan might
be expected to have a base width of at least 3.7 V.
Experimentally, the CV scan most appropriate for a com-
parison with the calculation shown in Figure 5 appears as
the right-most peak shown in panel Figure 4b. This scan
shows that the transmission of the BCA anion can be
observed from 14.9 to 17.9 V measured at 5% of peak
height. Taken alone, in this example the ion trajectory
calculation predicts a peak width about 20% wider
than was observed experimentally.
Similar calculations performed using 1.2 cm radii inner
electrode indicate that although the ion is again transmit-
ted near CV  16.8 V, the trajectories calculated at CV 
18.3 and 14.6 V will result in the ions colliding with the
walls of FAIMS and the peak is expected to be narrower
than that using the 0.8 cm inner electrode. Similarly, if
these trajectory calculations are repeated for the 0.4 cm
inner electrode at low DV (for example 1800 V), the
optimum CV becomes low (about 2 V at DV  1800 V)
and the trajectory calculation predicts that the ions cannot
be transmitted beyond CV values of 3 V higher or 3 V
lower than the optimum CV. Taken alone, these simple
ion trajectory calculations predict that at high DV and
with narrow diameter cylinders, the transmission of
BCA will be detected over a significant range of CV
voltages. Wide diameter FAIMS and low CV will (to-
Figure 5. Calculated ion trajectories of the m/z 173 of BCA,
using  7.984E-6 Td2 and 3.049E-10 Td4 in a cylindrical
FAIMS with inner/outer electrodes of radii 0.8/1.0 cm. Ion
trajectories were started at radius 0.86 cm, and represent 15,000
oscillations (20 ms) of a 750 kHz waveform at DV  3960 V and
CV  14.6, 16.0, and 18.3 V.gether and independently) result in narrow peak widths.Qualitatively, this is consistent with the experimental data
shown in Figure 4.
Calculation of Peak Width in a Cylindrical
Geometry FAIMS
The ion trajectory calculation shown in Figure 5 pro-
vides an approximate prediction of the width of a peak
in the CV spectrum of FAIMS. Unfortunately, the
approach used in Figure 5 yields estimates of peak
shapes that are much wider than are experimentally
observed. A more detailed analysis based on ion mo-
bility, ion diffusion, and ion–ion repulsion must be used
to predict a peak shape that more closely resembles the
experimental peak shapes shown in Figure 4.
A numerical evaluation using finite-difference meth-
ods that are commonly applied to problems in fluid
dynamics was used to estimate the time-dependent
behavior of the ion density between the plates of
cylindrical geometry FAIMS. By analogy with fluids,
the ion cloud in the FAIMS analyzer region was as-
sumed to be a homogeneous, compressible fluid. Unlike
conventional fluids, contact of this ionic “fluid” with
the container walls resulted in irreversible loss of the
ions by contact with the conductive electrodes of
FAIMS. For these simulations: (1) the ionic cloud was
subjected to diffusion which contributed to changes in
density via loss at the walls of FAIMS, (2) the ionic
cloud was subjected to electric fields and thus trans-
lated radially (with fields focusing the ions in some
cases), and (3) the ionic cloud carried an electric charge,
and therefore produced a secondary coulombic electric
field which tended to disperse the cloud in the radial
direction. Other sources of changes in density originat-
ing from chemical reactions and from nonuniform ra-
dial velocity profile of the carrier gas are considered
later in this report.
Methods for finite-difference analysis of diffusion/
heat transfer problems [30] are readily applied to the
FAIMS problem. In this report, the diffusion problem
was solved using:

c ⁄ 
tD(
2c ⁄ 
r2) (4)
which, for a finite-difference numerical simulation, is
translated to
cj
(i1) cj
(i)D(t ⁄r2)(cj(i) cj1(i) ) (cj(i) cj1(i) ) (5)
where c is the ion density (concentration), i is the time
index, j is the radial location index, t (s) is the time step
used in the numerical calculation, r (cm) is the size of
radial increment used for the calculation, and D is the
diffusion coefficient. This equation provides an estimate
of the ion density at a new time cj
i1 as a function of the
ion density at the previous time cj
i and the ion density
in adjacent cells radially, cj1
i and cj1
i , also from the
previous time. This numerical method produces stable
results within limited values of t/r2. Figure 6 illus-
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of the time-dependent redistribution of ions that were
originally at uniform density in the space between two
infinite parallel conductive plates.
The loss of ions from between parallel plates was
evaluated analytically using the approach described by
Mason and McDaniel [19]. The analytical solution for
the spatial distribution of ions in a one-dimensional
cavity with infinite plate walls was n(r) A cos([r-r0]	/
L) for the 1st mode of diffusion (higher order modes
decay very rapidly), where n(r) is the number of parti-
cles at location r, r0 is the center point between the
plates, A is the maximum number of particles, and L is
the distance between the plates. The result for this
analytical solution is shown in Figure 6 (dotted line)
with A 0.65 and L 0.2. The numerical method (solid
lines) yields results in good agreement with this analyt-
ical solution. Note that the ion cloud was subject to a
short period of time-dependent evolution of the radial
density profile followed by a distribution whose shape
was time-independent and remained as Acos((r-r0)	/L)
for an indefinite time thereafter. All ion distributions
calculated for FAIMS behave in this manner.
The ion cloud density profile shown in Figure 6
developed without external forces. If the ion cloud
between two parallel conductive plates is also subjected
to an electric field, the time-dependent distribution
between the plates is more difficult to model analyti-
cally. However, the numerical modeling of such sys-
tems is described in most texts on calculation methods
for fluid dynamics [30]. The one-dimensional array of
cells representing the ion density as a function of radial
distance was subjected, sequentially, to a diffusion
computation (described above), and a translation com-
putation based on a quadratic smoothing of the ion
Figure 6. Calculated ion cloud density between infinite parallel
conducting plates, starting with a uniform ion density of 1.0 at t 
0. Ion density (solid lines) for times t  0 to t  50 ms at 10 ms
intervals, calculated by a finite-difference numerical method is
compared with an analytical calculation [19] (dashed line) using
n(r)  A cos([r-r0]	/L) with A  0.65, r0  0 and L  0.2 cm.distribution followed by the calculation of the destina-tion of the distribution following the translation step.
Typically, the 0.2 cm distance between the electrodes of
FAIMS was divided into 150 to 250 radial steps, spaced
to have equal areas between the steps (both flat plates
and cylindrical electrodes). The sequence of diffusion/
translation was calculated as a function of time using
steps of 0.01 to 0.05 ms. This approach was tested for
known situations, including the distribution described
in the previous paragraph, and for translation/diffu-
sion of packets of ions starting at a single radial
location.
Figure 7 illustrates a calculation analogous to that
shown in Figure 6, with an additional electric field of
5 V/cm between the plates. The distribution of the ion
cloud was calculated as a function of time for 10 ms.
Figure 7. Calculated ion cloud density between infinite parallel
conducting plates 0.2 cm apart with a 5 V difference applied to the
plates. Ion densities were initially uniform, and the time-depen-
dent evolution calculated at times t  0 to t  10 ms at 2 ms
intervals for a ions with (a) K  1.2 cm2V1s1, (b) K  1.7
cm2V1s1, and (c) K  2.2 cm2V1s1 using finite-difference
numerical methods. In these calculations 65, 51, and 39% of the
original ion density remained after 10 ms for each ion, respec-
tively.
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(at ambient conditions) of 1.2, 1.7, and 2.2 cm2V1s1.
As shown in Figure 7, the ion distribution is skewed as
the ions are forced towards one of the plates, and those
ions with lowest mobility move less quickly (top panel,
Figure 8) towards the wall than higher mobility ions
(bottom panel). After 10 ms, the total remaining ions in
the region between the plates are 65, 51, and 39% of the
total ions originally occupying the space for ions with
mobility 1.2, 1.7, and 2.2 cm2V1s1, respectively. Note
also, that the ion cloud is not compressed under these
conditions, and the ion density never exceeds the orig-
Figure 8. Calculated time-dependent evolution of the ion cloud
density between cylindrical FAIMS cylinders of inner/outer elec-
trode radii of (a) 1.2/1.4 cm, (b) 0.8/1.0 cm, and (c) 0.4/0.6 cm at DV
 4000 and CV  16.8 V for an ion with K  1.7 cm2V1s1 and 
 7.984E-6 Td2 and 3.049E-10 Td4. Traces are the calculated
density from t  0 to t  5 ms at 1 ms intervals.inal density (taken as 1.0 in Figure 7).The calculations of the estimated distribution of ions
in a 1-dimensional space between infinite parallel plates
can be extended to cylindrical geometry. The calcula-
tion of the ion density distribution in a cylindrical
FAIMS is yet further complicated because of the focus-
ing properties of FAIMS [5] illustrated by the trajectory
calculations in Figure 5. The cloud of ions must be
considered compressible under these conditions, and
the electric fields will give rise to a convergence of the
ions in radial space. This focusing field will be balanced
by the dispersion action of diffusion and of ion–ion
space charge repulsion.
The calculation of the virtual “focusing” fields in
FAIMS has been described previously [5] but a simpli-
fied method will be described here. The behavior of the
ion in strong electric fields is determined using the
experimental CV, DV data described in an earlier sec-
tion above. The  and  values can be substituted into
eq 1 to provide an instantaneous value of Kh at the
ambient electric field strength. The ion motion during
one complete cycle of the applied waveform is calcu-
lated at each radial location between the electrodes and
the magnitude of the net drift of the ion at each radial
location provides the strength of the focusing action at
that location. This net drift is translated into the equiv-
alent of a dc electric field (i.e., a “virtual” electric field).
The dc virtual field intensity is a function of radial
location, is constant in time and is unique to the ion (via
eq 1), the electrode dimensions and the CV, DV voltages
applied. The time-dependent ion distribution is then
calculated in the same way as described for Figures 6
and 7, in this case with the constant-in-time “focusing”
virtual fields replacing the dc electric fields used in
Figure 7.
Figure 8 illustrates the time-dependent simulation of
the ion density of the BCA anion between concentric
cylinders of FAIMS of various radii for focusing condi-
tions of 4000 V DV and 16.8 V CV. The original ion
density is assumed to be uniform with radial location,
except that the ions cannot occupy locations close to the
walls of the electrodes because of the high frequency
oscillation motion due to the applied high voltage
asymmetric waveform. Some ion loss due to diffusion
to the walls of FAIMS is observed at short times, and the
focusing fields thereafter pull the ions away from the
walls. Note also, that the maximum ion density now
exceeds the maximum density at t  0 for these condi-
tions where the focus point lies between the cylinders of
FAIMS. The ion cloud has been compressed to occupy a
narrow radial band, but the total number of ions is
lower than that at t  0, because the distribution was
impinging on the walls at short times. All other param-
eters being equal, the time required for the ion cloud to
be compressed is a function of the radii of the elec-
trodes, as shown in Figure 8. The focusing field is
strongest for narrow diameter electrodes, and weaker
for the wider dimension cylindrical electrodes. The
strength of the focusing field approaches zero at the
infinite radii (flat plate) limit, where no ion focusing
356 GUEVREMONT AND PURVES J Am Soc Mass Spectrom 2005, 16, 349–362takes place and the ions readily disperse due to diffu-
sion and coulombic repulsion.
The traces shown in Figure 8 were calculated at a
single CV, selected to show a condition where the ions
converge to the mid-point between the electrodes. Since
the radial location of the focus point is dependent on
CV (as shown in Figure 5), ion density plots such as
those shown in Figure 8 can be calculated at other
values of CV, and the ions converge to the radial
location corresponding to the location of the bottom of
the virtual potential well.
Figure 9 illustrates the calculated distribution of BCA
anions at a DV of4000 V and at CVs of 13.0, 13.6, 15.0,
16.8, 18.5, and 20.5 V, after 10 ms. At time zero the ions
were uniformly distributed between the electrodes of
0.4/0.6 cm inner/outer electrode radii, and the ion
distribution was monitored for a period of 10 ms.
Although the time dependence of the ion density is not
apparent in Figure 9, those distributions that are dis-
placed from the electrode surfaces do not change in
time because (in this simulation) no mechanism for ion
loss is operative. When the ion distribution impinges on
the electrode, for example at DV  4000 V and CV 
20.5 V shown in Figure 9, the ion density decreases
rapidly with time. In the trace at CV  20.5 V, approx-
imately 19% of the original ion density remains after
10 ms. For the calculations at CV 18.5, 16.8, and 15.0 V,
approximately 98% of the original ion density remains.
The intensity distributions vary in height because the
strength of ion focusing varies with radial distance.
From Figure 9 it is clear that a peak in the CV scan is
actually a series of measurements in which the opti-
mum focus radial position is moved from close to the
outer electrode (at lower CV) to nearer the inner elec-
trode (higher CV). Ions are lost to the walls extremely
rapidly when the focus location is (in theory) inside the
wall of either electrode, less rapidly if the focus location
is between the electrodes but is near the wall of either
electrode, and minimally if the focus point falls midway
between the electrodes. The ion distributions calculated
in Figure 9 agree well with experimentally observed ion
density profiles between the electrodes of cylindrical
Figure 9. Calculated ion cloud densities as a function of radial
distance between cylindrical FAIMS inner/outer cylinders of
0.4/0.6 cm radii after time delay of 10 ms with ions having K 
1.7 cm2V1s1,   7.984E-6 Td2,   3.049E-10 Td4, at a
waveform voltage of DV4000 V, and at CV of 13, 13.6, 15, 16.8,
18.6, and 20.5 V.FAIMS [5].Using the methods described above, the time-
dependent distributions of the ions can be calculated
for any condition of DV and CV. This residual ion
density, after a selected time delay, is calculated at a
series of CV values at constant DV, to generate a
calculated CV scan. Figure 10a shows a simulated CV
scan for a 0.8/1.0 cm electrode set at DV3960 V where
the traces show the residual ion density at 50 ms
intervals up to to 250 ms. At short residence times in the
FAIMS analyzer the peaks are expected to be wider
than the peaks at longer residence times. For BCA at
the applied CV and DV, the peak width will be invari-
ant for residence times in the FAIMS analyzer longer
than about 250 ms. Figure 10b is a repeat of the
calculations of Figure 10a, but with the addition of the
effect of coulombic ion–ion repulsion. The ion–ion
repulsion acts in a direction to expand the radial
dimensions of the ion clouds shown in Figures 8 and 9,
and as a result the ion cloud is more likely to be in
contact with the electrodes and ion density decreases
with time. In Figure 10a the calculated boundaries of
the ion cloud are not in direct contact with an electrode
between the CV values of 15.5 and about 17.5 V, and the
calculation predicts no loss of ions. Any mechanism
that broadens the ion cloud, including enhanced diffu-
sion, coulombic repulsion, or chemical reactions, will
widen the radial distribution of the ions and narrow the
CV peak via collisions with the electrode surfaces.
Figure 10. Calculated CV peak shapes based on residence times
of 50 to 250 ms in a 0.8/1.0 cm radii cylindrical FAIMS. The ion
cloud density was calculated at 50 ms intervals with ions having
K  1.7 cm2V1s1,   7.984E-6 Td2,   3.049E-10 Td4, at
DV  3960 V and CV from 12.6 to 19.8 V in 0.1 V increments.
Calculated (a) without and (b) with coulombic ion–ion repulsion.
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ions has been widened sufficiently that the ions will
be lost to the electrodes at voltages between 15.5 and
17.5 V. The peak shape appears triangular when cou-
lombic repulsion within the ion cloud is considered in
these calculations. The minimum ion loss occurs when
the virtual potential well falls approximately mid-way
between the electrode surfaces.
Comparison of Experimental, Calculated Peak
Widths in Cylindrical Geometry FAIMS
Figure 4 illustrated the normalized experimental peaks
collected for BCA in cylindrical geometry FAIMS
prototypes with inner/outer electrodes of radii 0.4/0.6,
0.8/1.0, and 1.2/1.4 cm. For comparison, Figure 11
illustrates the normalized peaks resulting from the
simulation of the time-dependent ion density within the
FAIMS analyzer for the same conditions of DV and CV,
using an ion residence time of 250 ms in FAIMS. Based
Figure 11. Calculated CV peak shapes for FAIMS with cylinders
inner/outer radii (a) 0.4/0.6 cm, (b) 0.8/1.0 cm, and (c) 1.2/1.4 cm
at DV of1800,2340,2880,3420, and3960 V, using K 1.7
cm2V1s1,  7.984E-6 Td2, 3.049E-10 Td4. At each CV the
ion cloud was initially uniform and the evolution of the density
profile for a 250 ms period was calculated. Coulombic repulsion was
ignored.on the traces shown in Figure 10, the calculated peakshape is not expected to change when the calculation is
extended beyond 250 ms, even if the ion residence time
in the experimental apparatus is significantly longer
than 250 ms. In contrast, however, other ion loss mech-
anisms discussed below, including mechanical and
chemical processes, continue for the total duration of
the ion residence time in the apparatus and the calcu-
lation cannot be truncated prematurely at 250 ms. The
calculations used to produce the traces in Figure 11
were based upon the effect of ion focusing and diffusion
on the ion cloud, whereas the effects of ion–ion mutual
electrostatic repulsion and random ion redistributions
were neglected in this calculation.
The traces for the simulation in the 0.4/0.6 cm
FAIMS, shown in the top panel in Figure 11, indicate
that the peak is expected to have a flat top at high
applied DV. This is predicted qualitatively by the ion
trajectory calculations shown in Figure 5 and by the ion
density modeling shown in Figure 9. For the small
radius cylindrical FAIMS operated at high DV, the
focus region remains between the cylinders of FAIMS
for several volts of applied CV, and therefore the peak
is expected to be very wide. Wide peaks were experi-
mentally observed (Figure 4a) for the 0.4/0.6 cm
FAIMS, but the peaks did not have a uniformly flat top
shape.
The traces in Figure 4 and Figure 11 are normalized,
and relative intensity information is not apparent. The
data in Figure 2a was collected using electrodes with
0.8/1.0 cm radii and illustrates the changes in relative
intensity observed experimentally as the applied wave-
form voltage is increased. Figure 4b (0.8/1.0 cm radii
electrodes) and Figure 2 share several of the same data
traces. For comparison, the relative intensity of the five
traces in Figure 4b (experimental results) were 9, 11, 29,
62, and 100 for applied DV 1800, 2340, 2880,
3420, and 3960, respectively, whereas the relative
calculated intensities in Figure 11b were 40, 83, 98, 100,
and 100 for the same applied DV values.
Several assumptions were implicit in the calculation
leading to Figure 11. First, it was assumed that the
diffusion coefficient was invariant with E/N; second, it
was assumed that the ion–ion electrostatic repulsive
interactions in the cloud was negligible; and finally, it
was assumed that mechanical (gas turbulence) and
chemical ion redistribution played no role in ion distri-
bution between the electrodes.
Refinements to Calculated Peak Shapes
in Cylindrical Geometry FAIMS
Figure 11 illustrates the shapes of expected peaks in
FAIMS based on the physics of the ion focusing in the
virtual electric fields in FAIMS and the counterbalanc-
ing effects of diffusion. The square topped peaks shown
in Figure 11 are seldom seen experimentally, and have
only been routinely observed for those ions having
extremely strong focusing (very high CV) in FAIMS.
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shapes shown in Figure 11 underestimate some mech-
anism of ion scattering, or redistribution, in the ana-
lyzer region of FAIMS. Sources of such additional
widening of the ion cloud density profile are considered
below.
Diffusion at high E/N. The diffusion coefficient is a
function of E/N [19]. The effective temperature experi-
enced by an ion drifting in a strong electric field is
described by Teff  T Mvd
2/3k where T is the ambient
gas temperature, M is the molar mass of the bath gas, vd
is the ion velocity, and k is Boltzmann’s constant. Since
the velocity of the ion is KE where K is the ion mobility
and E is the electric field, the diffusion coefficient varies
with the strength of the applied electric field.
If a waveform with DV 4000 V is applied to
FAIMS with electrodes spaced 0.2 cm apart, the peak
electric field corresponds to about 20,000 V/cm. The
BCA anion, with a mobility (296 K and 760 torr) of
about 1.7 cm2V1sec1, will experience an effective
temperature of about 425 K during the application of an
electric field of 20,000 V/cm in 760 torr nitrogen. Using
the estimation that D  kTeffK/q, where D is the
diffusion coefficient, k is Boltzmann’s constant, Teff is
the effective temperature, K is the ion mobility, and
q is the charge on the ion, the diffusion coefficient of an
ion at an effective temperature of about 430 K is about
0.063 cm2s1. Under the same conditions, absent the
electric field, the diffusion coefficient would be
0.043 cm2s1. The effective diffusion of the BCA anion
increases by about 50% in a field of 20,000 V/cm. This
represents the maximum instantaneous increase in the
effective diffusion that can be achieved under the
experimental conditions discussed in this report.
During the application of the asymmetric waveform,
the ion spends very little time at the maximum electric
field, thus a more realistic estimate of the average
effective temperature can be calculated using the aver-
age ion velocity during one cycle of the waveform.
Using this approach, the diffusion coefficient is about
0.048 cm2s1.
The diffusion of an ion moving in a strong field has
a directional component. D is usually resolved into DL
and DT, the longitudinal and transverse coefficients of
diffusion (where the directions are taken relative to the
direction of the electric field). Although the detailed
calculations leading to DL and DT can be complex, an
estimate of these can be obtained from directional
estimates of the effective temperature:
kTL kT
1
34mM2mMMd2 (6)
kTT kT
1
3 mM2mMMd2 (7)
where TL and TT are the effective temperatures in thelongitudinal and transverse directions relative to the
field, T is the ambient gas temperature, M is the molar
mass of the bath gas, m is the molar mass of the ion, vd
is the ion velocity, and k is Boltzmann’s constant. The
estimates of effective temperature are subsequently
used to estimate the coefficient of diffusion in the
longitudinal and transverse directions using:
DL (kTL ⁄ q)K1 dlnKdlnE (8)
DT (kTT ⁄ q)K (9)
where q is the charge on the ion, K is the ion mobility,
and E is the electric field.
Assuming the term in the right-most brackets in eq 8
is close to 1, the coefficient of diffusion in the longitu-
dinal direction, when applying the waveform described
above, is about 0.052 cm2s1. Using this estimated value
of the augmented diffusion coefficient (in the radial
direction in the case of FAIMS), the calculation of the
peak shapes in the CV scans for the three FAIMS
prototypes was repeated. The changes in the peak
shapes were small because the magnitude of the in-
crease in diffusion resulting from the application of a
waveform up to DV  4000 V did not significantly
widen the profile of the ion distribution in these FAIMS
devices. Therefore, the increased effective temperature
experienced by the ion, and the concomitant increase in
ionic diffusion are not the main contributors to differ-
ences between the calculated (Figure 11, calculated
without field-augmented diffusion), and experimental
(Figure 4) peak shapes. Shvartsburg et al. [17] have also
concluded that the variation of the coefficient of diffu-
sion in strong electric fields does not materially affect
peak shapes in FAIMS. A further discussion of the
effective temperature experienced by the ion appears in
a later section.
Coulombic ion–ion repulsion. Space charge can readily
be incorporated into a finite-difference numerical mod-
eling of the ion cloud. For this report, the electric field
generated by a cloud of ions was estimated and was
superimposed upon the virtual electric field originating
from the ion focusing effect in FAIMS. Gauss’s law can
be used to show that the uniform electric field outside
of an infinite sheet of charge density  is /2 where 
is the dielectric constant of the medium surrounding the
sheet. If this sheet of charge is located at the center point
between two infinite conductive surfaces, both electri-
cally grounded, the electric field remains /2 because
an opposite and equal electric charge is induced in the
surfaces of the conductive plates. The cloud of ions
(having a nonuniform radial distribution) between the
plates of FAIMS was divided into a series of narrow
uniform sheets of charge, and the electric field on either
side of the sheet calculated. In planar geometry the
location of the sheet of charge between the plates and
the ion density in the sheet are used to calculate the
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sheet. In cylindrical geometry the space charge induced
field must be calculated for sheets of ions at each radial
location, and for each sheet at all radial locations on
both sides of the sheet of charge density. The sum of the
contributions from each such sheet provides an esti-
mate of the field at a given radial location. At each
radial location this space charge induced electric field
was superimposed on the virtual focusing electric field
at that radial location. Since the ion cloud was mobile
(and compressible) in the electric fields, the space
charge induced fields were recalculated at each point in
time.
Figure 12 illustrates the effect of ion–ion space
charge on the shape of the calculated CV peak for the
0.8/1.0 cm radius FAIMS at DV  3960 V using
several estimations of ion density in the annular ana-
lyzer region. At the start of the time-dependent calcu-
lation of the profile of the ion density in FAIMS the
electric current was assumed to be 0, 0.9, 1.9, 2.8, and
3.7  1012 coul/cm3 evenly distributed between the
electrodes. Assuming a flow of carrier gas through
FAIMS of approximately 500 mL/min, an ion current of
about 29 pA would be flowing through FAIMS at the
highest space charge used in Figure 12.
The electric fields introduced by space charge act in
the same direction as diffusion and widen the radial
distribution of ions between the electrodes. This re-
duces the voltage range over which the ions are effec-
tively transmitted through FAIMS. As shown in Figure
12, the peaks in the CV spectrum will be somewhat
more triangular in shape as a result of the added effect
of ion–ion repulsion. However, the width of the peak at
its base is constant because the ion density approaches
zero and space charge becomes negligible under condi-
Figure 12. Calculated CV peak shapes for FAIMS with inner/
outer cylinders 0.8/1.0 cm, for an ion with K  1.7 cm2V1s1, 
 7.984E-6 Td2, and   3.049E-10 Td4 , with DV  3960 V.
The ion cloud density was calculated at 250 ms for CV from 12.6
to 19.8 V at increments of 0.2 V, and the residual ion density
plotted as a percentage of the total ion density at t  0. The space
charge ion–ion repulsion was calculated assuming charge density
corresponding to 0, 7.3, 14.6, 21.9, and 29 pA current passing
through the electrode at a gas flow of 0.5 L/min.tions used to calculate the ion density for those CVvalues near the foot of the CV peak. Although it has
been proposed that peak shape in FAIMS is strongly
influenced by ion–ion repulsion [17], for the experi-
ments reported in this manuscript good agreement
between calculated and experimental peak shape can be
produced without space charge repulsion.
Figure 13 illustrates the calculated peak shapes for
BCA using the three different radii of FAIMS elec-
trodes. The space charge effect has been ignored. The
calculation used to generate the CV traces shown in
Figure 13 began by assuming the cloud of ions was
initially distributed evenly between the electrodes. The
ion cloud was allowed to redistribute under the influ-
ence of diffusion and the virtual potential well in
FAIMS, much as shown in Figure 8. However, unlike
the calculations shown in Figure 11, the cloud was not
allowed to develop for a full 250 ms, but rather was
allowed to develop for only 24 ms. It was then assumed
that the ion cloud was (mechanically or chemically)
forced to return to its original uniform distribution in
Figure 13. Calculated CV peak shapes for FAIMS with cylinders
of inner/outer radii (a) 0.4/0.6 cm, (b) 0.8/1.0 cm, and (c) 1.2/1.4
cm at DV of 1800, 2340, 2880, 3420, and 3960 V, using K
 1.7 cm2V1s1,   7.984E-6 Td2,   3.049E-10 Td4.
Coulombic repulsion was ignored. At each CV the ion cloud was
initially uniform, followed by 24 ms evolution of the density
profile. The cloud was forced back to uniform after each 24 ms, in
a cyclic process repeated 30 times.
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24 ms period. This process was repeated 30 times to
approximate ion transport time of about 900 ms. In
contrast to the calculation that was used to produce
Figure 11, which gives invariant results for any time
beyond 250 ms, a calculation that involves random ion
loss is operative over the entire ion residence time and
cannot be truncated as early as 250 ms. Reasonable
agreement between the experimental data and the cal-
culations appeared to suggest long ion residence times.
The peak shapes calculated by this method, shown in
Figure 13, are in excellent agreement with the experi-
mentally measured peaks shown in Figure 4. In partic-
ular, the skewed shaped peaks collected at DV 2340
and 3420 for the 0.4/0.6 cm radii, appear to be
matched very well by these calculations. The data in
Figure 4 and Figure 13 have been normalized, but to
assist in comparison between these figures, the relative
intensities of the five experimental peaks in Figure 4b
(0.8/1.0 cm electrodes) were 9, 11, 29, 62, and 100 for
applied DV 1800, 2340, 2880, 3420, and 3960,
respectively, and the relative calculated peak heights
shown in Figure 13b (0.8/1.0 cm electrodes) were 0.6,
19, 58, 85, and 100 respectively. However, at DV 3960 V
the peak shapes and absolute CV values for the 0.4/
0.6 cm radii electrodes do not match the experimental
peak shapes as well as for the lower DV values, and for
the wider electrodes. Further methods of refinement of
the calculation of the peak shape in FAIMS are consid-
ered below.
Other Considerations for Calculated Peak Widths
in Cylindrical Geometry FAIMS
Radial gas velocity profiles at low Reynolds numbers. At a
gas flow of about 0.5 L/min through concentric FAIMS
inner/outer electrodes with radii of 0.8/1.0 cm, the
calculated average linear velocity vg of the gas flow is
about 7 cm/s. Taking the distance parameter L to be the
spacing between the electrodes of 0.2 cm, the gas
viscosity  of 1.83 104 poise and the gas density g of
1.25 10-3 gm/cc, the dimensionless Reynolds number
(Re) is gvgL/ , equal to about 10. The flow is expected
to be turbulent when Re exceeds 2000.
The modeling of ion density profiles described in
this report assumes that the cloud of ions travels in a
medium having no velocity profile in the radial direc-
tion. In fact, at low Reynolds numbers, the gas velocity
profile in the radial direction will assume the usual
parabolic shape, with the gas velocity in the center of
the profile traveling approximately twice as fast as the
average flow. The parabolic shape will be slightly
modified by the cylindrical geometry of FAIMS, espe-
cially for small radii electrodes. The nonuniform gas
velocity profile is expected to distort the radial ion
density profile. Nevertheless, this parabolic flow profile
is not expected to materially change the peak shapescalculated in Figure 11 because no new ion loss mech-
anism is introduced via this velocity profile.
Gas flows that are not laminar would have a major
effect on the ion density profile between the FAIMS
electrodes. The focusing electric fields in FAIMS are
weak, and any bulk mixing or systematic swirls in the
gas flows will significantly alter the ionic distribution in
the FAIMS analyzer. Several sources of gas mixing are
possible, including (1) turbulence originating at the ion
inlet that subsides gradually, (2) rotating swirl formed
as the gas follows a curved path around the electrode,
and (3) gas rotation and/or cyclone that may occur near
the gas outlet near the hemispherical terminus of the
inner electrode. The calculated CV traces in Figure 13
more closely match the experimental curves in Figure 4
than did the calculated curves in Figure 11, and appear
to support the proposal that the ion cloud is subject to
mechanical and/or chemical redistribution during tran-
sit through the FAIMS electrodes.
Ion loss via chemical reactions. An ion loss mechanism
related to gas-phase ion molecule reactions has been
discussed previously [5, 31]. It is assumed that new
complexes will form between an ion and polar contam-
inant species (including H2O, CO2, etc.) in the carrier
gas. In FAIMS, because of the application of the high
voltage asymmetric waveform, the ions are subjected to
strong fields (and elevated effective temperatures) on
an intermittent basis. This means that the complexes
will tend to dissociate during the high voltage portion
of the waveform, and will be short lived if the gas-phase
concentration of these polar contaminants is low. Nev-
ertheless, some complexes will form, and will exist for
periods beyond the length of a single cycle of the
applied asymmetric waveform. During a scan of CV,
the focus point of an ion shifts from near the outer wall
(lower CV) to the inner wall (higher CV). When the
ion-neutral complex (of multi-cycle lifetime) is formed
it will migrate in a direction dependent on the Kh/K
ratio of this newly formed ion. If the ion-neutral com-
plex is formed near a wall, and if the DV and CV
combination cause the complex to migrate towards this
nearby wall, the ion will be lost. If the same complex is
formed while the focus point is located adjacent to the
opposite wall, the ion-neutral species will probably
dissociate before traversing the FAIMS analyzer region,
and the ion will return to the optimum focus point. This
chemical redistribution of ions in the FAIMS analyzer
may operate with effects similar to that of mechanical
redistribution via gas turbulence described above.
Again, the model used to generate Figure 13 suggests
that one (or more) mechanisms of redistribution of the
ions are operative in FAIMS.
Imperfections in the physical geometry of FAIMS. Although
it is assumed throughout this report that the mechanical
components of FAIMS are fabricated exactly, the
FAIMS prototype is subject to two types of mechanical
error. Ideally, first, the inner electrode is aligned paral-
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the center axis of the inner electrode is located at the
center axis of the outer electrode. Evaluation of the
effects of mechanical errors on peak width and intensity
would be required prior to establishing the mechanical
tolerances for construction of these devices.
A further, important, mechanical factor influences
peak shapes in the type of design of FAIMS reported
here. With the present design, the inner electrode is
manually translated longitudinally inside the FAIMS,
to establish the optimum distance between the termi-
nus of the inner electrode, and the end of the outer
electrode. Since the behavior of the ion cloud between
the electrodes of FAIMS is highly dependent on the
strength of the electric fields produced by the applied
DV and CV voltages, the change from a two-dimen-
sional cylindrical geometry, to a three-dimensional
spherical geometry at the terminus of the inner
electrode, is expected to modify the ion density
profile. For the data collected for this report, the inner
electrode was adjusted to a longitudinal position that
did not affect the peak shapes in the CV scan.
However, it is known that the adjustment of the
longitudinal position of the inner hemispherical
tipped electrode is critical to the peak shapes, sensi-
tivity, and resolution of domed inner electrode
FAIMS devices, and is a subject of ongoing
investigations.
Conclusions
The peak shape of the CV spectrum has been evaluated
for dome type cylindrical geometry FAIMS electrodes
with inner electrode radii of 0.4, 0.8, and 1.2 cm with a
0.2 cm wide analyzer region. The peaks in the CV
spectrum are narrow at low applied waveform volt-
ages, and widen as the applied voltage is increased. At
a given applied waveform voltage, the peak shapes are
narrow for electrodes having wider diameter elec-
trodes. The qualitative changes in peak widths over a
range of applied DV and electrode radii are readily
predicted using simple ion trajectory calculations. Peak
shapes that closely match experimental data can be
calculated using fluid dynamics methods with incorpo-
ration of ion focusing, ion diffusion, and redistribution
of ion density by mechanical processes.
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